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The opening scientific address of a new society should logically 
embody a review of the actual status of the field to which its labors 

are to be dedicated. In the present instance this custom assumes 

almost the importance of a duty, in view of the fact that at no 
time in its historj' has endocrinology, with the exception of the 

diseases of the ductless glands themselves, stood in a more precarious 

condition than it does today, particularly in this countrj'. The 
physiologists, as will be shoTO presently, having failed to discover 
the functions of these organs notwithstanding painstaking efforts 

to do so, have left the cndocrinologic ship, ns it were, without a 
rudder, in so far as the clinician is concerned, as a guide for sound 
investigation, particularly in "pathogenesis and therapeutics. 

The inevitable result, which I tried to forestall many years ago, 

has been to divide the profession at large into two camps: The 

ultraconservatives who are, with just cause, frightened off by the 

maze of groundless and unsupported theories with which the whole 
subject has been surrounded in recent years, and the overcon¬ 

fident who are the authors of the unwarranted theories and who 

administer organic products in practically all disorders without 

regard for physiologic effects. Even this overenthusiasm is to 

* Read by in\nlation at tlie first scientific session of the Endocrinological Society 
of the city of New York, January 6, 1922, and before the Mercer County Compo¬ 
nent Society. Trenton. N. J., February 8. 1022. 
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be attributed, however, to the absence of knowledge concerning 
the role of the organs themselves in the body. Indeed, live years 
ago Prof. W. S. Halsted, of Johns Hopkins, after a serious effort 
to elucidate an endocrine problem, rvas 6nally led to conclude that 
“it must be evident to everyone that there reigns the greatest 
confusion on the subject of the functions of the glands of internal 
secretion.” Today he might say with equal justice that this applies 
as well to the whole domain of endocrinology ns it is generally 
interpreted, and that the confusion is steadily growing apace with 
time. 

Might there not exist an intermediate class of clinicians who 
practice what might be termed scientihe endocrinology? That 
there exists such a group it is my privilege to assert. After review¬ 
ing in greater detail the underlying cause of the prevailing confusion, 
the absence of adequate physiologic information, I will submit 
the reasons which led to the elaboration of this higher aspect of 
endocrinology and, by a few examples, briefly portray what it would 
mean to medical progress if its teachings were generally adopted 
in lieu of the present chaos to which the term “endocrinology” 
is attributed. 

The Physiology of the Endocrines as Interpreted by Physiologists 
Affords no Aid to the Clinician. In making this statement, assurance 
may be given that there can be no question on my part of antag¬ 
onism to physiology. Indeed, for the last forty years, 6rst ns 
professor of physiology in the Wagner Institute of Science in the 
early eighties, ns editor of the Annual of the Universal Medical 
Sciences, in which Prof. Newell Martin and Howell, of Jolms 
Hopkins, were my valued collaborators, and recently in the pre¬ 
sidential address before the Association for the Study of the Internal 
Secretions,' I earnestly urged the importance of cooperative har¬ 
mony between physiology and clinical medicine as a sine qua non 
of medical progress. It is tlie lack of this feature which, as we 
shall sec, has prevented to this day the discovery by physiologists 
of the functions of any ductless gland, without a knowledge of 
which the clinician—meaning thereby the physician, the pathol¬ 
ogist, the surgeon, the specialist, etc.,—cannot work out his own 
problems. His normal source of information, in view of his own 
arduous occupations, is the text-book of physiology. What does 
he 6nd even in the best of these works? 

Beginning with the adrenals tlie truth soon asserts itself. Despite 
the pioneer labors of Brown-Sfquard in 1856; despite the con¬ 
vincing researches of Oliver and Schiifer upon their cardiovascular 
tone theory, of Abelous and Langlois upon their antitoxic theory, 
of Cannon upon his emergency theory and others—all have vir¬ 
tually been swept by the wayside. If the clinician tries to solve 
for himself the problem in question with the aid of physiologic 
literature he soon 6nds himself in a maze of contradictions con- 
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triliiitcd by iiiHloubtedly able men, but wliieh, iieA’ertbeless, IcBA'e 

asicadinj; im])ression a suggestive unreliability of their work. And 
yet a few ])liysiologists, Stewart^ and Gley’ and their followers, 
overlooking the fact that experiments in normal animals can only, 

from the standpoint of exact science, portray the effects of pre¬ 
cisely similar ex])criments in normal men—since any degree of 
pathology, a toxemia, the defensive process, organic lesions, etc., 

modifies tlic whole picture—have recently published interpretations 
of some clinical aspects of endocrinology, notably adrenal insuffi¬ 
ciency, which close scrutiny and clinirnl experience fail totally 
to sustain. Nor can it be othcnvisc in the absence of any foundation 
for their argument. Indeed, iihysiologic knowledge on this score 
was frankly exiircssed by .Swale Vincent,* now professor of phy¬ 
siology in London University, when he wrote, “We know nothing 

of the adrenal body on its own account.” 

The situation concerning the thyroid is quite ns unsatisfactory. 

Notwithstandijig the labors of Schilf, begun in 1S56, which soon 

followed those of Hevcrdiii and Kocher in the clinical field, and 
the later investigations of Horsley, Jeandelize and others, all 

affording ample proof of the influence of this organ upon nntrition 

and metabolism. Prof. Howell,*’ of Johns Hopkins, states in the 
last edition of his text-book of physiology that " no explanation has 

been furnished in resiicct to nutrition”; and that “the details 
of its influence on metabolic processes are for the most part un¬ 

known.” Hence the fact that confusion also reigns in the clinical 
field. Since Kendall isolated the active princi))le thyroxin,' which 

profoundly accelerates metabolism, his (admittedly theoretical) 
view is that its function is “to furnish the animal organism with 
ammonia resulting from the deaminization of amino-acids.” But 
it is at best difficult to reconcile this process with tlie increased 
inta... of o.xygcn, following the feeding of thyroid, wliich varies 
from 20 to 75 per cent in my.\cdcma and 10 to 40 per cent in animals, 
and the corresimnding output of carbon dioxide. Nor does it 

explain the increased elimination of phosphoric acid observed 
by Chittenden and others or the familiar rtipid reduction of fat 

which thyroid jtreparations provoke. While Kendall’s conception 
may be sound, the manner in which the thyroid hormone influences 
nutrition and metabolism remains as obscure as it has ever been. 

The physiologic functions of the parathyroids are no more lucid. 
The ctiologic connection between removal of these organs and 

fatal tetany, first pointed out bj' Glcy, has been shown to apply 

to carnivorous and about onc-hiilf of herbivorous animals. But 

how the ])nrathyroids carry on the surmised process of breaking 
down the spasmogenic wastes is .admittedly unknown. As Prof. 
Brubaker,’ of Jell'erson College, states, “It is evident that the 

subject needs further investig-ation.” 

The thymus also belongs to the "obscure” series, the more recent 
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experimental labors having virtually eliminated all importance to 
the functions formerly attributed to them. Howell® states in 
this connection that "the pliysiology of the thymus is very obscure; 
in fact, nothing that is definite can be said about its functions, 
except perhaps that the gland is concerned in some way with the 
processes of growth.” 

The pineal is no better off. After summarizing the investigations 
upon this organ, Prof. Schafer,' of Edinburgh University, concludes 
with the statement, “It must be admitted that the results of clinical 
observations and experimental work in animals are at present 
difficult to reconcile and do not enable us to come to any definite 
conclusion regarding the functions of this organ and the nature 
and mode of action of its autocoids.” 

Concerning the pancreas, its internal secretion is now recognized 
as separate from that poured into the intestines. About all that 
may be considered established, however, even though pathologists 
have contributed much to the subject, is that the islets of Langerhans 
carry on some specific function—probably in sugar metabolism. 
Howell states that "the nature of tliis function and its relation to 
that of the acinar glands must be considered at present as open 
questions.” 

The functions of the pituitarj' body are equally obscure. Acro¬ 
megaly is attributed to excessive secretory activity of the anterior 
lobe, but ample experience has shoAvn that extracts of this lobe, 
even in enormous doses, or Robertson’s tethelin, fail to cause 
growth in human beings or anything suggesting acromegaly. Again, 
the posterior pituitary, the source of the very efficient hypoplij'sis 
sicca, pituitrin, etc., is supposed to represent a secretion. But, 
as Prof. Swale Vincent,'” of London (and also Biedl), in keeping 
with my own previously published views, says of this lobe, “It is 
extremely difficult to imagine how such a structure can be regarded 
as a secreting gland.” The same physiologist also states, “We 
know, after all, very little about the normal functions of the pitui¬ 
tary—no more, in fact, than we know about those of any other of 

the ductless glands." * 
Such disappointing results would seem to be offset by the dis- 

coA'ery of the endocrine active principles, some of wliich, at least, 
are serving so useful a purpose in every branch of practice. But, 
in truth, credit for them does not belong to physiologists. Abel, 
who gave us epineplirin, is a pharmacologist. Takamine and 
Aldrich, who discovered adrenalin, are chemists associated ivith 
manufacturing pharmacists. Kendall, who isolated thyroxin, 
and Robertson, who isolated tethelin, are both chemists. 

The cndocrines reviewed suffice to illustrate the inability of 
physiology alone, CA'en as interpreted by its masters, to aid the 

All italics arc my own. 
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dinleian interested in the endocrinologic field. Any unbiased 
observer would conclude, in fact, that labors wliich had given such 
a paucity of results after researches covering the whole period 
elapsed since Claude Bernard introduced the term shretion interne, 
over sixty years ago, should be relegated to the long list of abortive 
efforts. 

And yet would any degree of exclusion of physiologic labors 
be justified by facts? No greater calamity could befall endo¬ 
crinology tlian such a course. During the period mentioned 
physiologists have accumulated a vast store of sound physiologic 
data which are invaluable in the development of this new branch 
of science, but their true worth is only brought to light, we shall 
see, through harmonious cooperation witli other branches of medical 
knowledge, including, particularly, clinical medicine and path¬ 
ology. 

The CoSperatlan of Various,Medical Sciences Necessary to Ascertain 
Endocrine Functions. Aldiough it was Brown-Sfquard, a physi¬ 
ologist, who gave the first impulse in 1856 which started modern 
cndocrinologj' on its active career, the internist, realizing fully 
that to each quadruped, dog, cat, guinea-pig, frog, etc., studied 
by physiologists, he, as practitioner, pathologist, liistologist, etc., 
studied hundreds of bipeds, men, women and cliildren, soon learned 
from experience what a great physiologist, Pawiow," emphasized 
twenty years ago, referring to the discovery, by clinicians, of the 
gastric secretory nerves, when he wrote: “Physiologists, on the 
other hand, had fmitleeely endeavored for decades* to arrive at 
definite results upon this question. This is a striking but by no 
means isolated instance where the physician gives a more certain 
verdict concerning physiologic processes than the physiologist 
himself; nor is it indeed strange. The world of pathologic phe¬ 
nomena is nothing but an endless series of the most different and 
unusual combinations of physiologic occurrences whicli never 
wake their apiiearance in the normal course of life. It is a series of 
physiologic experiments which Nature and life institute, often with 
such an interlinking of events as could never enter the mind of 
the present-day physiologist and which could scarcely be called 
into existence by means of the technical resources at our command. 
Clinical observation will consequently always remain a rich mine 
of physiologic facts.” 

In tlie field of endocrinology clinicians also found tliat physi¬ 
ologists had “fruitlessly endeavored for decades” to create a solid 
foundation for functional phenomena so obviously merged with 
morbid manifestations observed on all sides. They reverted, 
therefore, to the labors of men in their own field as starting-points 
of their own investigations: Addison (1849) for the adrenals; 

* All italics aro my own. 
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Reverdin (18S2), Kocher (1883), Mobius (1886) and Murray 
(1891) for the thyroid; Pineles (1904) and MncCallum (1912) 
for the parathyroids; Paltauf (1891) and Bourneville (1900) for 
the thymus; Langerhans (1869), Lagucsse (1893), Minkowsky 
and Mehring (1898), L6pine (1898) and Opic (1900) for the pan¬ 
creas; Pierre Marie (1886), Launois and Roy, P'roldich and Cushing 
for the pituitary, and many others, all of whom initiated questions 
wliich the labors of a multitude of investigators, both in the clinic 
and in the clinical laboratory, have served to bring to fruition as 
well-grounded endocrinologic entities. Hence the splendid results 
attained in our knowledge of the diseases of the endoerines 
per se and in their successful treatment, medical and surgical. 
It is not here that chaos reigns, however, but in the bearing of tlie 
endoerines upon general diseases and their treatment—precisely 
where the crying need for elucidation is gre.itcst and where death 
still stalks unhampered in many directions. 

Over three decades ago I realized as editor of the Annual of the 

Univemd iledkal Sciences that medicine ns a whole was sodden— 
ns it is still—with discrepancies and gaps which some general funda¬ 
mental factor seemed alone capable of filling. While twelve 
years' (1880 to 1891) clinical work at Jclfcrson College Hospital 
(which included cases of goiter and exophthalmic goiter) had sug¬ 
gested the ductless glands as candidates for research, physiology 
proved of incalculable value in the independent analysis sub¬ 
sequently undertaken. 

The cll'ort made to fill at least some of the gaps found meant 
prolonged researches, both in the laboratory and in literature, 
utilizing, in so far as the latter was concerned, only data which 
had been confirmed, though giving also due consideration to those 
which seemed discordant. The method adopted was a novel one, 
in the sense that all subdivisions of science bearing directly or 
indirectly upon the solutions sought were utilized, all laboratory 
or clinical researches required and within my reach being carried 
out after the contributions of literature had been collected, coordi¬ 
nated, analyzed and then synthetized according to their mutual 
relationships. Thus data from zoologj', histology, phj'siology, 
pathology, pharmacology, biologic chemistry, clinical medicine, 
surgery, etc., were used in the upbuilding of each subdivision of 
the subject studied, the postulate or conclusion reached representing, 
as it were, a mosaic of all knowledge available on the subject. 
Discordant data often proveil not to be such, for if based on solid 
observation they usually found in the other branches ol knowledge 
one or more links or connections which converted them into valuable 
assets. This plan not only avoided theorizing, since the conclusion 
reached was the end-product of a large number of data from varied 
sources, but it revealed also erroneous data owing to their inability 
to fit anywhere. 
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The conclusions reached and what data a book could accommo¬ 
date were presented in my work on the Iniernal Secretions and the 

Principles of Medicine* the first volume of which appeared in 
1903 and the second in 1907. It introduced what appeared to 
me, at least, a promising outlook for more rapid advance in medical 
knowledge, for the ductless glands, interpreted from my view¬ 
point, seemed to fill many of tlie discrepancies and gaps which 
both clinical medieme and tlierapcutics had shown. Swale Vincent 
clearly outlined the scope of the work Avhen he wrote,“Sajous 
apparently postulates a relationship between all the ductless glands, 
whose functions, according to this writer, dominate most of the 
bodily activities, normal and pathologic.” It was, I might add, 
the first effort of its kind. 

That the plan was a sound one is shown by the fact that although 
the physiologists have failed, during the nineteen years elapsed 
since it was carried out, to reveal, for instance, the functions of 
the adrenals—and this applies to other organs—the many data 
which their labors have accumulated upon this question, and which 
proved useless to them, have contributed all along to the support 
of my original conception of these functions. Among the cardinal 
functions wliich had remained sub judice, and which, from my 
viewpoint, this method has served to explain, is that of respiration. 
Its analysis will serv'e as an example of the value of the mode of 
research described in the study of obscure problems. 

Pulmonary and Tissue Respiration as an Endocrine Function. The 
respiratorj' process as now taught in our schools, and despite its 
vast importance in all diseases, lias been known to be defective for 
over sixty years (Vulpian,'* Paul Bert,” Barnes,'* Lnulanic" and 
others). Brielly the prevailing diffusion tlieory was found unable 
to account for oxygen tensions in the arterial blood exceeding those 
in the air of the lungs; nor for the absorption by the venous bloorl 
of all oxygen in the pulmonary air in strangulated or asphyxiated 
animals; nor for respiration in the greatly reduced oxygen of 
high altitudes (Bolir,*’ Haldane and Lorrain Smith,'® Harley'® 
and Peinbrey®”). As Bolir pointed out in 1891, and other plij'si- 
ologists have since held, a substance liaving greater avidity than 
blood itself was necessary to explain the resiiiratory process. 

In 1903 I submitted that the substance sought was the secretion 
of the adrenals. The work included besides the analysis of the 
literature of the subject, laboratory studies of the respiratory system 
in the lower forms, including insects, crustaceans, mollusks, fishes, 
batrachians, etc., ascending the phylogenetic scale to man, also 
of the biochemical re.actions of fluids connected with the respira¬ 
tory process; of the anatomic relations of the organs exposed to 

* These words arc italtcizcd to emphasize the purpose of tlic work from the start, 
t. c., the rclatioDship between the eodocrincs ond the practice of medicine proper. 



632 SAJOUS: endocrinology and major aiedical problems 

oxygen-containing media; and finally clinical observations. All 
of these, including data from literature when coordinated and 
analyzed, pointed clearly to the adrenals, particularly in view of 
the marked reducing power of fresh adrenal extracts (Vulpian,“‘ 
Cybulski,® Langlois” and others) as capable of carrying on the 
respiratory process. 

Since then it may be said that every general feature of the respira¬ 
tory process, ns I interpreted it originally, both pulmonary and 
systemic, has been confirmed. Adrenalin has been found experi¬ 
mentally to facilitate the free circulation of air in the pulmo¬ 
nary air cells by causing dilatation of the bronchioles (Menten,*^ 
Jackson,^ Dixon“). It is capable of converting venous blood into 
iirterial blood on e.xposure to the air and of converting hemoglobin 
into oxyhemoglobin (Kariya and Tanaka,” Menten and Crilc,“ 
Menten”). It increases the intake of oxygen, the output of car¬ 
bon dioxide, the volume of air breathed, the respiratory excursions 
of the lungs and the depth and rate of respiration (Byelaventz,°° 
Berstein and Falta,“ Menten,” Tompkins, Sturgis and Wearn,” 
Sandiford,” Januschke and Poliak,” and Nice, Rock and Court- 
right”). 

As regards its systemic effects, we have just seen that adrenalin 
can convert hemoglobin into oxyhemoglobin. In keeping with 
this observation adrenalin has bron found in the blood and red 
corpuscles (Mulon,” Battelli”). It takes an active part in tissue 
oxidation, i. e., cellular metabolism, as shown by many facts. Thus 
it raises the temperature even in small doses (Oliver and Schafer,” 
Morel,*” Lepine*') while accelerating metabolism (Reichert"). 
Large adrenal grafts also raise the temperature sufficiently, in 
some instances, irrespective of any infection, to have caused death 
(Courmont,*’ Bra“ and Jaboulay*”). Even malignant adrenal 
tumors, regardless of histologic structure, run a febrile course 
irrespective of any fever causing complication (Israel*'). As small • 
a dose as 0.5 cc. of adrenalin in 73 experiments in endocrine patients 
caused an increase in the basal metabolism rate (Sandiford**). 
It causes an increase in the intake of oxygen and in the output 
of carbon dioxide before accelerating the metabolic rate (Tomp¬ 
kins, Sturgis and Wearn*'). Moreover, adrenalin in appropriate 
doses increases the excretion of urea (Addis, Barnett and Shevky*'). 
■ As controlling evidence, removal of both adrenals should be 
followed by the opposite phenomena. Briefly it should reduce 
both the intake of oxygen and the output of carbon dioxide, cause 
dyspnea, lower the temperature and the metabolic rate, cause 
myasthenia through slowed muscular metabolism and relaxation 
of the cardiovascular musculature. Tliat such is the case has 
been known ever since the time of Brown-Sequard. More precise 
methods being available the basal metabolism rate 1ms been found 
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markedly lowered after tlic operation (Aub, Forman and Bright®”) 
and the urea exeretion likewise (Bolder and Shevky.®')* 

If facts count at all these few data—which represent but a 
fraction of those collected and which cover but a small part of the 
process—should prove convincing in these days when experimenta¬ 
tion, a single experiment sometimes, is thought to decide a question. 
They should mean much when, realizing that tissue oxidation takes 
part in every morbid process, general or local, we are brought face 
to face with Halliburton’s statement,®* which corresponds with 
others that could be quoted, in the last edition of his text-book of 
Physiology, "Our knowledge of tissue respiration is so scanty that 
we can say little about its pathologic bearing.” 

The Endocrines in the Genesis of Fever. Turning to the practical 
bearing of the function of tissue oxidation, as explained, we are 
brought to realize that the same obscurity reigns concerning its 
corollary, fever, notwithstanding its preponderating importance 
in disease. As stated by Lazarus Barlow®® eighteen years ago, 
“ Even if we grant that fever is beneficial we are completely ignorant 
of the manner in which it acts.” Present-day text-books speak 
in the same vein. Analysis of the question, however, again con¬ 
firms the correctness of the explanation of this process I submitted 
many years ago. MacCallum,®® for instance, in his recent text¬ 
book refers to Roily and Meltzer, Loewy and Richter, Fukahara 
and others as having found tliat if animals were kept at high tem¬ 
perature in a thermostat room they were able to develop a much 
more effective defence against intoxication and infection tlian 
those left outside at ordinary temperatures. If small doses of 
bacteria or toxin were injected at intcn'als, “The heated animals 
showed a great advantage over the controls. They lived longer 
and many of them survived doses which inevitably killed the con¬ 
trol animals.” Yet no explanation of the manner in which this 
phenomenon is produced is vouchsafed. 

It may be accounted for, however, by the simultaneous action 
of several ductless glands. We have seen that adrenalin, when 
produced in excess, raises the temperature; but so does the thyroid 
secretion wliich also, as in fever, first breaks down fats, I sub¬ 
mitted in 1903-1907 that both glands took part in the process, 
the thyroid hormone by increasing tlie lability of the phosphorus 
in all nuclei (which all contain organic iodin, as shown by Justus®’) 
beginning with those of the fat cells, to the action of the oxygen 
carried to the tissues by the adrenalin-laden oxyhemoglobin, heat 
being liberated in the process. I urged also, as had Metehnikoff 
in respect to phagocytes, that the bacteriolytic and antitoxic pro- 

* Suggestive in this connection is the fact tlint while in 1003 German redewers^ 
clmracterized tissue oxidation os the outstamling feature of roy la1»rs on the adrenals, 
Wcil,^ in his recent (1021) book on the endocrines concludes that these organa are 
directly concerned with oxidation. 
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cess in the plasma was due to a trypsic enzyme wliieh Abderhalden 
subsequently termed "defensive ferment,” bacteria, toxins and 
other poisons susceptible to its action, being digested by them 
much as they were in the intestinal canal.* As all biochemists 
know, however, digestive enzymes are active according to the 
temperature to which they are subjected, the laboratory maximum 
temperature of trj'psin being about 104° F. Tllis accounts for 
the fact that heat, whetlier endogenous, as produced by the inter¬ 
action of thyroid, the adrenal hormone and the phosphorus of 
nuclei, nucleoli, etc., or exogenous, as developed in a thermostat, 
increases the efficiency of the body defences, the purpose of fever. 

How is the process governed? MacCallum states in this con¬ 
nection, “As to the nature of the regulating centers nothing is 
known,” but he also remarks, referring to a possible nervous con¬ 
trol, " It appears that destruction or interruption of the liiTiothalamic 
region of the midbrain tluows out of function tlie regulatory meclran- 
ism so tliat the warm-blooded animal becomes poikilothermic and 
makes no response to the usual causes of fever.” Again has time 
sustained my personal views—reached by means of the analj’tic 
method described—submitted years ago,'* which showed that 
while removal of the cerebrum from the midbrain did not pre¬ 
vent the genesis of fever or even the action of antipyretics, suffi¬ 
cient interruption of impulses tluxmgh a nerve path lending from 
tlie pituitary to the thyroid and adrenals did so. Papers by Roussy 
and Camus, Houssay and others have more recently emphasized 
its presence by showing that tumors located in tliis region pro¬ 
duced—doubtless by similarly blocking the path—evoked all the 
phenomena of pituitary insufficiency, polyuria, obesity, tardy 
development, etc. As illustrated in a colored plate forming the 
frontispiece of ail ten editions of my treatise on the internal secre¬ 
tions, this path passes upwanl from the pituitary body to the tuber 
cinereum, thence along the basal tissues to the bulb and cord, 
and emerges to meet the thoracie sympatlietic, tlie lowest branch 
entering tliis system, to pass below and enter the splanclmic nerve 
on its way to the adrenals—about the level of tlie tliird dorsal 
vertebra—a location recently confirmed by Stewart and Rogoff*® 
by means of cross-sections of tlie spinal cord. On the whole it 

* As Mendel (Jour. Am. Med. Assn.. March 24, 1000) states: "Enzymes arc 
no longer thought of exclusively ns agents of tho digestivo apparatus; they enter 
everywhere Into the manifold aotlvities of cells in almost every feature of metab* 
ollsm." Tliis applies also to plant physMogy, " nil known protcolyUo enzymes of 
plants.” as stated by Vines (Ann. Botany. 1001, 16. 672), "being trypsio." Tho 
main active bactericidal agent of phagocytes has l)ccn identified by Mctchnikoff, 
Bordet and others as trypsin; this ferment has also been found to digest bacteria 
in tho intestinal canal by Clinrrin and Levaditi, Zaremha and others. Vaughan 
also states that "the cell wliich can no longer supply a digestive ferment is already 
dead," while Opic clearly associates digestive ferments with tho defensive functions 
of the body when he says that "the ability of the blood to remove injurious inatcrial 
is dependetit on tho possession of proteolytic cnzyincs.” 
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would seem as if I had been justified in coneluding many years 
ago that the regulating center of the febrile process was located 
in the pituitary body and that its influence on fever was exerted 
tlu-ough a nerve path governing the functional activity of the 
tliyroparathyroid apparatus'* and the adrenals. 

All this exemplifies the beneficial side of the endocrine glands, 
the adrenal, thyroid and pancreatic internal secretions and tlie 
pituitary body (the latter only as a coordinating mechanism) 
cooperating in defending the Ixidy against disease. 

'Ibe Endocrines in the Genesis of Hyperthermia and Autolysis. The 
prevailing obscurity concerning the nature of three kindred factors, 
tissue oxidation, fever and the role of the enzymes in the latter, 
is in my opinion responsible for a large proportion of untimely 
deatlis. From the fact that the underlying cause of temperature 
production, oxidation, is unknown, it is obvious that the fluctuations 
of temperature, hypothermia and lijTrerthermia or pjTcxia are like¬ 
wise. In the light of the foregoing interpretations, however, these 
phenomena can be accounted for. Reserving hj-pothermia for 
the next section we will take up the efl'ects of excessive temperature. 

We have seen that adrenal grafts may raise the temperature 
to such a degree as to cause death irrespective of any infection. 
Hjiicrthyroidism may likewise cause a marked elevation of tem¬ 
perature, 110° F., for instance, as in a case observed by Rendu.“ 
All clinicians know that danger tlircatens when 105° F. is exceeded. 
Below this limit, normal fever is the expression of active but safe 
defence; the trjTJsic enzyme then limits its proteolytic action, 
both in the phagocytes and in the blood, to the pathogenic organisms, 
toxins, etc., present. When, however, tliis temperature is sur¬ 
passed the structures in immediate contact with the blood or within 
it are first exposed to the digestive process of the “defensive” 
ferment, the red corpuscles yielding first (hemolysis), then tlie 
cardiovascular endothelium, the serous membranes, peritoneal, 
pleural, pericardial, meningeal, etc. (autolysis), according in a 
measure to the virulence of the pathogenic agent as an antigen 
and the local vascular supply. 

Valvular lesions, for instance, arc now attributed to the direct 
action of the pathogenic bacteria themselves, but this has never 
been demonstrated. If it were true, how account for their 
production by Clwistian and Walker” witli uranium nitrate, potas¬ 
sium bichromate, arsenic in various forms, spartein and adrenalin 

* The iirotcctive influence of this apparatus against certain infections has been 
confirmed in various ways. L6vi and Rotliscliild** write in tliis connection: ‘‘Sajous 
has attributed among the functions of the tliyroid body a role wliich he assimUates 
to that of ojisonins and autoantiloxios. Fossin, StopanolT and Mnrb6 have all con¬ 
firmed the influence of the thyroid on the blood's asset in alexins and opsonins.” 
The two latter investigations were conducted at the Pasteur Institute of Paris. 
Col. McCarrison*' also concluded after experimenta that "the thyroid gland con¬ 
tributes largely to the Iwdy’s antitoxic and bactericidal functions." 
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given in succession? All these drugs, as I have shown elsewhere,” 
are capable, either directly or indirectly, of enhancing the functional 
activity of the pancreas,* and also by promoting a reaction of 
the adrenals and thyroid, thus accelerating tissue oxygenation 
and increasing the lability of the cellular nucleins, raise the pro¬ 
teolytic activity of the trypsin. The soundness of this conception 
is suggested by MacCallum’s statements that “this liquefaction 
by means of a proteolytic ferment is exactly the process known 
as autolysis, except that it is recognized in .that process that all 
tissues can tolerate in varying degrees of intensity the proteolytic 
ferment to dissolve their own cell bodies.” He also refers to 
Dernby'* as having shown that “in all tissues studied there are 
both pepsin-like and trypsin-like enzymes, etc.” That hyper¬ 
thermia by raising tlie digestive activity of these enzjTnes will tend 
to destroy the tissues containing them is self-evident. 

The patliologic field covered by this greatly simplified conception 
of a very complex subject is almost bewildering. Cardiovascular 
diseases, particularly those of inflammatory origin and their com¬ 
plications, cause tile bulk of our mortality; it has now exceeded, 
according to the international list of the 1914 Census, those of 
tuberculosis and pneumonia. Both of the latter great killers of 
mankind can also bo shown to owe their great mortality in part 
to autolysis in most instances. We have seen that this applies 
also to the acute diseases of serous membranes, the pleura, 
peritoneum, etc. In various gastric, intestinal, pancreatic and 
hepatic diseases where contact with ferments prevails autolysis 
is a common source of lesions; typhoid, appendicular and colonic 
ulcerations are examples of its effects. The whole cerebrospinal 
system is subject to autolysis, as attested in part by the scleroses 
and the paralyses they entail. This list, which could be greatly 
extended, sufficiently illustrates the importance of hypertliermia 
and autolysis in pathogenesis. 

Here again we find the endocrine glands taking an active part 
in disease, but as morbific agents. The same organs, the adrenals, 
the tliyroid and the pancreas impelled to excessive efficiency 
by a profound toxemia, destroy not only tire pathogenic agency 
whatever it be, but also the affected tissues and often life itself. 

Cardiac Failure of Endocrine Origin as a Cause of Death. While 
the adrenal secretion sustains pulmonary respiration and tissue 
oxidation, certain structures, the sympathetic system (whose 
ganglia and nerves contain the adrenal medullary principle) and 
the involuntary smooth muscular fibers, as shown by Oliver and 

• Tho prevailing idea, due to Eppingcr. Fnlta and Rudingcr. that adrcoolin 
inhibits tho pancreas, is due to an expcrimontol error. As stated by SoUmann,** 
'' tho theory is not based on good evidence.” MacCallum^ also denies its correctness. 
R. G. Hoskins** has recently also condenined it. 



SAJOUS: ENDOCRINOLOGY AND MAJOR MEDICAL PROBLEMS 637 

Scliafer,* the heart, the arterioles, and through the latter the 
muscular coats of the stomach, intestines, etc., are especially 
sensitive to its action. All these structures, therefore, are the first 
to feel the effects of excessive or deficient secretory activity of the 
adrenals. This selective effect is often an underlying cause of 
death due to adrenalin administered early in the course of anesthesia. 
Both chloroform (Aloi) and ether (Marchette) causing abnormal 
activity of the adrenals at first, the excess of adrenalin in the blood 
plus the adrenalin injected provoke such violent constriction of 
the arterioles that the sudden increase of vascular tension pro¬ 
duced beliind these terminal vessels causes cardiac arrest. Adminis¬ 
tered later, however, if cardiac failure occurs, adrenalin is very 
efficient because the adrenals have themselves become insufficient 
tluough the excessive secretory activity of the first and second 
stages. Preoperative injections of adrenalin in robust subjects 
have also caused death by adding an excess of adrenalin to tlie 
already abundant residual supply. Fear, excitement, anger, 
etc., may also prove lethal by inducing, doubtless in keeping with 
Cannon’s tlieory, excessive secretory activity of the adrenals. 
Yet all tliesc morbid effects are produced indirectly. 

Far more frequently encountered in practice, however, is the 
condition previously referred to: That known generally as “adrenal 
insufficiency,” and which I have termed “hj'poadrenia.” Quite 
in accord with the functions of the adrenals described its general 
symptomatology, subject to variations according to the causative, 
condition, is briefly; Asthenia, great muscular weakness, extreme 
sensitiveness to cold, cold extremities, hj^iotension, weak cardiac 
action and weak pulse; anorexia, slowed basal metabolism rate, 
constipation and psychasthenia. Many of the perambulating 
cases of so-called idiopathic anemia arc due to hypoadrenia, tlie 
pallor being mainly the result of vascular torpor and recession of 
the blood mass from the periphery to the splanchnic area. 

The deatli-dealing influence of hj’poadrenia manifests itself 
especially among the elderlj'. Histologic and vascular injection 
studies have conclusively shown that atrophy of the adrenals 
progresses steadily as age advances. Their vascular supply in a 
man of eighty years is hardly one-third that in one of thirty years— 
a condition which also prevails in tlie otlier endocrines. When, 
therefore, an infection strikes such a subject the defensive powers 
are such as to give it greater stray than in j’ounger individuals, 
and the mortality is correspondingly greater. 

A striking example of this condition is senile pneumonia wliich 
Charcot characterized as “the great enemy of old people.” Refer- 

* My conception of the function of tho adrenals sustains their theory, niso the 
antitoxic theory of Aheious ond Langiois and the emergency theory of Cannon, 
oil of which, 08 stated, are normal manifestations of the fundamental function I 
attribute to these organs. 
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ring to its lugli mortality in subjects over sixty years of age, Osier 
also states, “From tlie reports of its fatalitj' in some places one 
may say tliat to die of pneumonia is almost the natural end of old 
people.” It may occur and prove fatal suddenly and unexpectedly 
right in the midst of the victims’ occupations. Wicre, however, 
as in most instances, the disease develops gradually the symptoms 
are typical of failure, more or less rapid, of the adrenal functions. 
After a brief reaction to the infection, slight fever, very moderate 
rise of blood-pressure, no chill other than perhaps a eliilly sensation, 
little if any cough and expectoration and no pain in the chest, 
there occurs, as Eisner” well described it, “rapid lowering of the 
arterial tension, marked lividity, edema of the lungs and extreme 
asthenia”—all tjTiical signs of adrenal failure. As shown by Oliver 
and Schafer in 1894, the adrenal secretion on its way to the lungs 
sustains the contractile power of the right heart. Eisner states 
that “dilatation of the heart, particularly of the right side, is a 
frequent complication of senile pneumonia”; he also records a 
fact of cardinal importance in the present connection, e. g., that 
the dilatation of the right heart “sometimes precedes the infection,” 
which means that the latter may be secondary to the adrenal 
failure. 

Practically all acute infections may lead to a condition of the 
adrenals similar to tliat in senile pneumonia. It may supervene 
in lobar pneumonia at any age, in bronchopneumonia, ijithoid 
fever, diphtheria, scarlatina, crj'sipelas, septicemia and in severe 
cases of measles, mumps and acute peritonitis—in a word, in all 
infections in which the febrile reaction is severe and prolonged. 
During the acth'C early febrile process the adrenals, ns shown in 
the section on the genesis of fever, secrete actively to carry on 
their part in the defensive function. Sooner or Inter, however, 
their etiiciency weakens and the secretion produced is insufficient 
to carry on tissue oxidation and sustain the heart. 'Phis condition, 
which I have termed “terminal hypoadrenia,” owing to its 
occurrence after tlie acute symptoms have censed, gives rise to 
signs which differ but little if at all from those observed in senile 
pneumonia; Extreme lassitude, low blood-pressure, subnormal tem- 
])eraturc, weak and rapid pulse, more or less dilatation of the 
heart and tendency to faint. 

Terminal hypoadrenia thus illustrates a direct connection be¬ 
tween the adrenals and a large number of general diseases. It 
also indicates that altliough functionally related with other duct¬ 
less glands, the thyroid, pancreas, pituitary, etc., the adrenals 
are the most important organs of the endocrine group as far as 
symptomatology is concerned. 

Therapeutic Control of Endocrine Functions. Moliei'c, in his 
Ilourgcois OeniUhonme, makes his candidate for patrician rank 
marvel at the fact that he had all his life been using prose. This 
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applies in a meiisure to the control of endocrine functions, which 
physicians have learned to do without realizing it. Thus the 
agents probably most used in practice today, the iodides, are now 
known to owe this property to the fact that their iodin is taken 
up by the thyroid gland to build up its secretion. I pointed this 
out in 1907,’” and Marine and Williams’* showed that tlie proportion 
of these salts taken up by the organ was constant in normal glands, 
but that this varied with the degree of hj’perplasia present. 
Whether administered pure, as a salt, ns a glandular product, or 
as Kendall’s thyroxin matters not; The gland appropriates ju5t 
what it needs, and, as this varies greatly with each patient, the 
initial dose should always be small. 

Another agent in common use is stryclmin; I urged in 1907” 
that this salt stimulated the adrenals. Tliis was confirmed by 
.Stewart and Rogoft’” in 1919, who found that ordinary doses caused 
a marked and lasting increase in the production of adrenal secretion. 
When we recall that the adrenal principle is present in all 
•sympathetic ganglia and nerves (and, according to my researches, in 
the axis-cylinders and cell bodies of all nerve cells, cerebrospinal 
and peripiieral) we can well understand the almost ubiquitous 
use of strychnin by neurologists in atonic functional disorders. 
The same action, but to a less marked degree, obtains in the case 
of mix vomica and brucine. 

Still another group is that represented by digitalis. Traube 
in 1871 showed that section of the spinal cord high up aimulled 
the effects of digitalis, wliile Boehm’* found that tliis procedure 
also arrested the eft'ects of digitalis.when they had become manifest. 
We have seen that, from my viewpoint, there is a nerve path from 
the pituitary via the basal tissues, cord and splanclmic to the 
adrenals. In 1917’* I submitted that it was by stimulating the 
adrenals that digitalis produced its effects on the heart. In 1915 
II. N. Richards and W. G. Wood’* found that both digitoxin and 
strophanthin stimulated the “central nen'ous mechanism con¬ 
trolling the secretion of the suprarenal glands,” and that tliis 
censes “after section of the splanclmic nerves or of the spinal 
cord between the fourth and fiftli cervical nen'cs,” the section 
thus severing the path referred to above. Apocynum, convallaria 
niajalis and spartein, from ray viewpoint, act similarly upon the 
adrenals, though less actively than digitalis.* 

The action of the adrenal secretion upon cardiac tone, first 
shown by Oliver and Schafer, is well known. Yet if the digitalis 
group actually aft'cct the heart tlirough the adrenals interruption 

• The London Lancet of Scptcm!>cr 25, 1920, editorially recommended the study 
of this phase of therapeutics, whicit 1 liad termed " pharmncocndocrine therapy,” 
by pharmacologic authorities when n committco appointed by the Minister of licalth 
of Great Britain on the standardization of endocrine products would have finished 
its report. 
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of tlie secretion of the latter should impair its action. Stewart 
and Hogofl’' found that compression of the adrenal veins, which 
carrj' the adrenal secretion to the inferior vena cava, the venous 
blood of which in turn takes it to the heart, caused arrlQ'thmia, 
but that the heart resumed its normal action when the veins were 
released. 

These few main agents suffice to indicate that the thyroid and 
adrenals can be stimulated by familiar remedies. Yet how account 
for this common action on the adrenals when the various drugs 
mentioned produce, as we all know, dissimilar pharmacologic 
effects? We have seen that the function of the adrenals is to 
carry on pulmonary and tissue respiration. Now, all adrenal 
stimulants, strychnin, digitalis, alcohol, ether, clJoroform, caf- 
fein, nicotine, turpentine, etc., as shown by well-grounded 
researches, Increase respiration, but only in small doses, which 
vary considerably with each agent, and beyond which doses toxic 
phenomena appear. But they also produce other effects; they 
may act on the vasomotor center, the reflexes, the excretory organs, 
etc. Briefly, each drug is endowed with its own specific characters 
because of the variety of incidental effects it may produce. It 
is only when its stimulating action on the adrenals overtops all' 
other effects that the specific phenomena due to this organ mani¬ 
fest themselves. 

Organotherapy coSperates advantageously and on rational 
lines in tliis connection by increasing greatly the efficiency of the 
stimulating drugs used. Wherever there is hypothjToidea, tlij'roid 
gland alone is often efficient, but it becomes especially so if supra- 
rarenal gland and strychnin are also given, because hypoadrenia 
is likewise present. Stryclmin by stimulating the adrenals causes 
them to appropriate the suprarenal gland administered more 
rapidly and to increase the metabolic rate earlier than when cither 
agent is administered alone. Again, the heart failure of the aged 
fails totally at times to respond to digitalis, stryclmin or any 
other agent. But the concomitant use of suprarenal gland to 
feed their atrophied adrenals soon changes the picture and will 
sustain the heart if persisted in. In senile pneumonia the very 
slow injection of seven minims of the 1-1000 adrenalin solution in 
a syringeful of saline solution administered intramuscularly every 
tlnce hours is a powerful adjunct to the other measures used. 
Tills applies also to the cardiac failure or terminal hypoadrenia 
of all acute infections. Its power to save life under these con¬ 
ditions is striking. In chlorosis and other anemias in wliich iron 
is indicated the addition of suprarenal gland—provided it be active 
—favors the formation of hemoglobin, of wliich both it and the 
iron are constituents. These are, of course, but a few of a large 
number of our trusted remedies to which organic products become 
powerful helpmates. 
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Recalling the genesis of fever, we have seen that the digestive 
tryptic ferment owes its bacteriolytic and antitoxic activity to 
the liberation of heat tliroiigh the cooperation of tlic thyroid and 
adrenal hormones and the cellular nucleins. Thus explained, 
the process accounts for several hitherto obscure effects, the thera¬ 
peutic action of the heat, for instance, in its many forms. Helio¬ 
therapy is one of these. C. W. Saleeby,’* in suggesting its study 
to the British Medical Research Council, credits Sonne, of Copen¬ 
hagen, with the view that curative effect "is due to the capacity 
of tlie luminous rays during the light bath, to heat a very essential 
portion of the aggregate blood volume of the organism to a tem¬ 
perature possibly exceeding the highest fever temperature ever 
measured without causing the body temperature to rise to any 
appreciable degree.” This deep penetration of sunlight liarmonizes 
well with my conception of fever. Heliotherapy thus nets by 
supplying the tryptic defensive enzyme with the heat energy 
necessary to raise its bacteriolj’tic cffieiency to its liighest level, 
the adrenals and thyroid of the tuberculous child having acquired 
or inherited its liability to infection mainly tlurough insufficiency 
of these two organs which manifests itself by inadequate develop¬ 
ment of heat energy. The vesperal fever is a protective reaction 
due to partial recuperation of the cndocrines during the intervals. 
The beneficial effects of iodin early in tuberculosis are also explained, 
since it contributes to the heat-generating process while sensitizing 
the tubercle bacilli to the proteolytic action of trypsin. 

Hyperthermia or pjTexia with all its dangers has also been met 
by the right measures; cold baths, even though their mode of 
action has not been understood. Briefly, by reducing the actual 
temperature through heat dissipation, the proteolytic activity 
of the defensive trypsin is antagonized. This explains also why' 
the so-called "antipyretics” proved apparently so only, while in 
reality increasing the chances of death. After n primary stage 
of peripheral hyperemia they caused constriction of tlie arterioles, 
thus interfering with heat dissipation; in this manner they actually 
favored heat accumulation in the deeper tissues while the per¬ 
ipheral circulation was sufficiently embarrassed often ns to cause 
cyanosis with formation of metheinoglobin. 

Another life-saving measure in addition to cold baths and other 
hydropatliic uses of cold is the free use of saline solution with sodium 
bicarbonate added thereto in the proportion of 1 dram to 1 pint. 
It may be used as a pleasant beverage, equal parts with milk being 
ordered several times a day. By sustaining the osmotic properties 
of the blood and preventing abnormal viscidity and also acidosis, 
the kidneys are protcctcil and the chances of both pjTexia and autol¬ 
ysis are materially reduced. The colonic use of saline solution 
and hypodcrmoclysis are also efficient in this direction. 

Examples of the direct inliibitive control of the cndocrines or 
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their effeets nre numerous. The use of qiiiuiu hj'drobroinide and 
ergotin in exoplitiudinie goiter, so efl'cetive in conjunction with 
rest, etc., is liased upon its controlling influence upon the vascular 
supply of the thyroid, the adrenals ami the thymus, The functions 
of an organ depending upon the proportion of arterial blood it 
receives, as shown by Claude Bernard, the functional activity 
of these glands is reduced correspondingly. The salicylates influence 
the endocrines in the same way. Arsenic is a potent agent in this 
direction. It inhibit.s, by a central action, the production of both 
the thyroid and adrenal hormones, and, ns Cuslmy states, “lessens 
oxidation in the tissues,” and therefore the results of abnormal 
proteolysis of the blood elements. Hence its great value in per¬ 
nicious anemia. 

One more example among tlic many which could be submitted 
is the direct antagonistic action of the nitrites to the constrictive 
action of the adrenal secretion upon the arterioles. Sollmann,’® 
for instance, though unaware of their controlling influence over 
the suprarenal jihcnomenon, writes, “The fall of blood-pressure 
is due entirely to the extensive vasodilatation produced by the 
direct action of the nitrite on the arterioles.” A life-saving measure 
suggests itself in this connection for cases such as those previously 
mentioned, in which adrenalin used early in the course of chloro¬ 
form or ctlier ancstliesia is added to the excess due to the adrenal 
stimulation caused by these anesthetics, tends to arrest the heart, 
viz., inhalations of amyl nitrite, wliich at once dilate the arterioles. 

Conclusions. Wiy is the “endocrinology” of today in such a 
chaotic state? We have seen that the underlying cause is the 
prevailing obscurity concerning tlie phj'siologic functions of the 
endocrines. But Sir James Mackenzie™ also wrote recently: 
“The conception of medical research which is dominant today 
is so immature and imperfect that it renders fruitless much of the 
research work. Indeed, so imperfect is the conception that fields 
essential to medical progress are not recognized.” I might add 
that millions of dollars arc being wasted on sterile researclies and 
as many lives compromised tlirough tliis arbitrary negation of 
newer fields simply because they do not appear to fit in with beaten 
though sterile patlis. 

While the foregoing study tends to sustain Mackenzie’s criticism, 
it also affords evidence based on nearly twenty years’ test to the 
effect that there is available a way of turning the tide. This is, 
as I have long urged, to give the endocrines their due as major organs 

as important as any otlier in the body and to realize that they are 
mainly concerned with the preservation of life though capable, -when 
ftmctionally overactive, of causing death, Tliis has been exemplified 
by showing their participation in functions wluch, notwithstanding 
their overwhelming importance and much labor, had remained 
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obscure. There are over ninety other great problems* quite as 
obscure and quite as important to human welfare wliicb the endo- 
criucs can solve in conjunction with available data from all other 
branches of medical science. 

Interpreted from my viewpoint, endocrinology imposes no 
sacriBce of wluit we know; it is eminently constructive in the 
sense that, by filling gaps in all directions it finally solves problems 
of various kinds which, although near solution for decades, lacked 
precisely what the endocrincs furnish to bring them to fruition. 
We have seen tliat the adrenals fill tliis role in pulmonary and 
tissue respiration, a cardinal physiologic function which had virtu- 
idly remained mb judiee six decades. We have seen also what 
the endocrines contributed to pathologj' by explaining four 
additional questions of the first importance, fever, pyrexia, hemolysis 
and terminal heart failure. As to therapeutics, the endocrines are 
fruitful in jiractically every phase of the subject studied as illus¬ 
trated by the twenty and odd drugs and other remedial measures 
analyzecl. Moreover, their study herein must have afl'orded some 
degree of surprise to the ultraconservatives referred to .at the begin¬ 
ning of this address, by causing them to realize that they had all 
along been endocrinologists . . . but of the right kind. Their 
spirit of fairness should suggest, however, in view of the fact that 
they have so far been using the drags and measures reviewed 
empirically, that the endocrincs bid fair to place therapeutics on a 
scientific footing. Indeed, it looks as if it might in the end furnish 
medicine as a whole, and as a reward for the vast labor its develop¬ 
ment has imposed upon workers in all its branches, the Inst link 
it needed to place it upon the liighcst plane of efficiency. 
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